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(57) ABSTRACT 

A system that facilitates selecting advertisements that match 
a search query is described herein. The system includes a 
search query receiver component that receives a search query 
including keywords. The system also includes a match com 
ponent that uses an associative data structure to identify in the 
associative data structure one or more data nodes that are 
associated in the associative data structure with respective 
unique keys corresponding to respective one or more hashes 
of combinations of the keywords in the search query. For each 
identified data node, the match component selects advertise 
ments associated with bid phrases stored in the identified data 
node that respectively only include keywords included in the 
search query. 
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SPONSORED SEARCH DATASTRUCTURE 

BACKGROUND 

0001 Computer systems are often used to search for docu 
ments such as web pages, computer files, or any other type of 
electronic document. In many instances, a user desiring to 
search for documents may use a browser to access a search 
engine available on a remote server. The user typically pro 
vides a search query to the search engine. In response to 
receiving the search query, the search engine returns to the 
browser of the user one or more web pages that include a 
search results list of documents matching the search query. 
The search results list typically includes a hypertext link to 
each identified document as well as a sample of relevant text 
from each identified document. 
0002. Such search queries typically include one or more 
keywords. A search results list generated by the search engine 
typically displays a listing of documents that have all of the 
words included in the query. The search engine may also 
insert one or more advertisements in the web page(s) that 
include the search results list. Such advertisements may be 
selected by the search engine based at least in part on the 
words included in the search query. The selection and display 
of such advertisements adjacent a related search results list is 
referred to herein as a sponsored search. 
0003 For a sponsored search, the search engine may have 
access to millions of advertisements provided by advertisers. 
The advertisers providing the advertisements typical specify 
the circumstances under which their advertisements are to be 
selected for display adjacent a search results list. Such cir 
cumstances may include a bid phrase that is provided by the 
advertiser and stored in association with advertisement data 
capable of being used to form the advertisement displayed 
adjacent a search results list. The bid phrase may include one 
or more words. The search engine may select an advertise 
ment for display adjacent a search results list based at least in 
part on broad-match semantics in which all of the words of the 
bid phrase for the advertisement must be included in the 
search query for which the search results are generated. 
0004. Using conventional search mechanisms (such as 
inverted indexes) for selecting advertisements with broad 
match semantics is computationally expensive. Furthermore, 
inefficiencies associated with using conventional search 
mechanisms for selecting advertisements can significantly 
delay carrying out a sponsored search. 

SUMMARY 

0005. The following is a brief summary of subject matter 
that is described in greater detail herein. This Summary is not 
intended to be limiting as to the scope of the claims. 
0006. Described herein are various technologies relating 
to selecting advertisements associated with user provided 
search queries including keywords. Each advertisement 
available to be selected is typically associated with a bid 
phrase that includes one or more words. The particular adver 
tisements selected for a given search query have bid phrases 
in which all of the words included in the bid phrase for the 
advertisement are included in the search query. Matching bid 
phrases to search queries in this manner is referred to herein 
as a broad-match. The technologies described herein may 
also relate to other types of matching schemes including exact 
match and phrase match. 
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0007 To facilitate matching bid phrases to search queries, 
examples described herein may use an index framework that 
does not employ inverted indexes on the words of a corpus of 
bid phrases. Rather, example systems may use an index 
framework that includes an associative data structure in 
which unique keys (corresponding to hashes of sets of words 
included in bid phrases) are used as pointers to find variable 
length data nodes including advertisements with correspond 
ing bid phrases. The associative data structure may be selec 
tively optimized to include advertisements with bid phrases in 
each node, which bid phrases include not only the set of words 
used to generate the unique key to the data node, but also 
additional words. Optimization may be carried out based on a 
cost model of memory access for different portions of the 
associative data structure stored in particular memory. 
0008 To select advertisements for a given search phrase, 
sets of keywords in a search query may be hashed. Unique 
keys can be located in the associative data structure which 
match the hashes generated from the search query. Contents 
of the data nodes associated with these unique keys may be 
analyzed to find advertisements with bid phrases in which all 
of the words in each respective bid phrase are included in the 
search query. In these examples, advertisements with bid 
phrases with additional words not included in the search 
query are not selected. 
0009. In addition, the set of advertisements with matching 
bid phrases may be further filtered based on secondary crite 
ria, Such as a bid amount and historical use of the advertise 
ment. The final set of advertisements determined for a search 
query may then be included in one or more web pages that 
include lists of documents that contain the keywords of the 
search query. 
0010. Other aspects will be appreciated upon reading and 
understanding the attached figures and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a functional block diagram of an example 
system that facilitates selecting advertisements using an asso 
ciative data structure. 
0012 FIG. 2 is a functional block diagram of an example 
system that facilitates identifying documents and selecting 
advertisements to display adjacent lists of the identified docu 
mentS. 

0013 FIG. 3 is a functional block diagram of an example 
system that facilitates optimizing an associative data structure 
used to select advertisements. 
0014 FIG. 4 is a functional block diagram illustrating an 
example mapping of advertisements in an associative data 
Structure. 

0015 FIG. 5 is a functional block diagram illustrating an 
example optimized mapping of advertisements in an associa 
tive data structure. 
0016 FIG. 6 is a flow diagram that illustrates an example 
methodology for identifying documents and selecting adver 
tisements to display adjacent lists of the identified documents. 
0017 FIG. 7 is a flow diagram that illustrates an example 
methodology for optimizing an associative data structure. 
0018 FIG. 8 is an example computing system. 

DETAILED DESCRIPTION 

0019 Various technologies pertaining to matching adver 
tisements with search queries will now be described with 
reference to the drawings, where like reference numerals 
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represent like elements throughout. In addition, several func 
tional block diagrams of example systems are illustrated and 
described herein for purposes of explanation; however, it is to 
be understood that functionality that is described as being 
carried out by certain system components may be performed 
by multiple components. Similarly, for instance, a component 
may be configured to perform functionality that is described 
as being carried out by multiple components. 
0020. With reference to FIG. 1, an example system 100 is 
illustrated that facilitates sponsored search in which adver 
tisements are selected that match a search query. The example 
system 100 includes a search query receiver component 102 
that receives a search query including keywords. The system 
further includes a match component 104 that uses an associa 
tive data structure 106 to select advertisements from a corpus 
of advertisements. Each of the advertisements provided by 
advertisers is associated with a bid phrase that includes one or 
more words. The match component 104 uses the associative 
data structure to find advertisements having associated bid 
phrases with words that match the received search query. 
Example structures for the associative data structure 106 as 
well as mechanisms for Substantially optimizing the associa 
tive data structure 106 will be described in more detail below. 

0021. The match component 104 may use broad-match 
semantics to match bid phrases to search queries. Broad 
match semantics require that all of the words in a bid phrase 
associated with a matching advertisement must be in the 
search query, but not vice versa (e.g. all of the words in the 
search query do not need to be in the bid phrase). As an 
example, the bid phrase, “used books, using broad-match 
semantics will match the search query “cheap used books’. 
but not the search queries, “books' or “comic books’. In 
additional or alternative examples, the match component 104 
may employ other types of matching semantics for compar 
ing a bid phrase with a search query Such as exact match (e.g. 
the bid phrase and search query are Substantially identical) 
and phrase match (e.g. word combinations in the bid phrase 
and search query are substantially identical). 
0022 FIG. 2 illustrates a further example system 200 in 
which the described matching component 104 may be used to 
select advertisements based at least in part on a search query 
received from the search query receiver component 102. In 
this described example, the system 200 may include a search 
engine component 202. The search engine component 202 
may include the match component 104. In addition, the 
search engine component 202 may include a document search 
component 204. The document search component 204 can 
identify, from a corpus of document, documents that include 
the keywords of the search query. To facilitate identifying 
documents that include keywords, the system 200 may 
include document indexes 206 such as inverted indexes which 
index all of the individual words in the corpus of documents. 
0023 The example search engine component 202 gener 
ates a document output 208 Such as a web page that includes 
a search results list 210 of the identified documents. Such a 
list may include hyperlinks to network addresses at which the 
identified documents can be accessed. The search results list 
210 may also include samples of the text included in the 
identified documents. In addition, the search component 202 
may include in the generated document output (e.g. the web 
page) one or more selected advertisements 212 (determined 
by the match component 104) that match the search query 
used to identify the documents included in the search results 
list 210. 
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0024 AS used herein, a document corresponds to any elec 
tronic item capable of being accessed. A typical example of a 
document includes a web page. However, a document also 
includes any type of file or other object capable of being 
stored on a computer system, server and/or network. Other 
examples of documents include word processing files, text 
files or any other type of electronic item that includes search 
able content. 

0025. Also as used herein, a search query corresponds to 
one or more words (also referred to herein as keywords) 
capable of being present in the content of a document. Also, as 
used herein a bid phrase corresponds to one or more words 
capable of being included in a search query. Such words in the 
bid phrase and keywords in the search query typically include 
alphanumeric text or other language symbols. Such words, 
however, may or may not correspond to words found in a 
dictionary. For example, words may correspond to other indi 
vidual or groupings of numbers, letters, and/or language sym 
bols such as an error code, serial number, model number, or 
any other information capable of being found in a document. 
0026. Also, as used herein, an advertisement corresponds 
to information that is capable of being visually and/or audibly 
perceived by a user receiving the advertisement in a web page 
or other electronic form. Advertisements may include text, 
graphics, illustrations, images, hypertext links, Sounds, 
music, video, animation, Software interfaces, and/or any 
other output perceivable by a human. 
0027. Although the described system 200 is shown as 
outputting advertisements adjacent a search results list of 
documents, it is to be understood that the system 200 may be 
employed in alternative systems which involve other types of 
searches using keywords. Such alternative systems for 
example may include a search engine that searches for files on 
a local hard drive using keywords and displays a list of the 
files along with advertisements that match the search query 
used to look for the files. 

0028. Of an initial set of advertisements that match a 
search query based on broad-match semantics (or other type 
of semantics), the match component 104 may further reduce 
the initial set of advertisements by applying one or more 
filters. For example, in addition to being associated with a bid 
phrase, advertisements may also be associated with second 
ary criteria data, Such as: bid price, keyword-exclusion, 
clicked through rate, overlap with advertisements displayed 
earlier, and/or other factors associated with matching adver 
tisements. A remaining set of matched advertisements after 
having applied the filter based on secondary criteria data may 
be viewed as having won an auction for a particular search 
query. The search engine component 202 may then rank the 
advertisements that won the auction and include such adver 
tisements 212 in order by rank adjacent the search results list 
210 in the document output 208. 
0029. In broad-match semantics, the roles of the search 
query and corpus of advertisement being searched are 
reversed compared to the role of the search query and corpus 
of documents being searched. For example, in a search to 
identify documents, the retrieval task of the document search 
component 204 is typically to identify documents containing 
a Superset of the keywords occurring in a search query from 
an indexed corpus of documents. In contrast, when searching 
for advertisements using broad-match semantics: the indexed 
corpus includes the bid phrases associated with individual 
advertisements; and the retrieval task carried out by the match 
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component 104 is to retrieve all advertisements whose bid 
phrases include a Subset of the words in the search query. 
0030 Although the document search component 204 may 
use document indexes 206 that correspond to inverted 
indexes, in a search for advertisements, such inverted indexes 
may result in inefficiencies for many types of bid phrases and 
search queries that include common words. To reduce Such 
inefficiencies, the match component 104 may use an index 
framework with an associative data structure 106 that is con 
structed and/or Substantially optimized for faster matching 
(relative the use of inverted indexes) of bid phrases to search 
queries using broad-match semantics or other type of query 
semantics (e.g. exact match or phrase match). 
0031 FIG. 3 illustrates an example 300 of an associative 
data structure 106. The example data structure 106 includes a 
corpus of advertisement data 302 that is stored or mapped into 
the associative data structure 106. The corpus of advertise 
ment data 302 includes four advertisements (A1, A2, A3, A4) 
320 each associated with a bid phrase 322. The associative 
data structure 106 includes a hash table 304 generated from 
the corpus of advertisements. The hash table 304 includes 
items stored therein which each include a unique key 330 
associated with a pointer 332. In this example, the hash table 
304 is shown with three items with three unique keys (KEY1. 
KEY2, KEY3) 330. These unique keys correspond to the 
unique (e.g. duplicates removed) hash values generated from 
hashing each of the bid phrases 322 of the advertisement data 
302 with a hash function. The unique keys may be generated 
from hashes of combinations of words in which the words are 
combined (e.g. concatenated) in a predetermined sorted order 
(e.g. alphanumerically) prior to generatinghashes of the com 
bination of words in the bid phrases. In FIG. 3, the hash table 
304 is shown with only three unique keys 330, because two of 
the advertisements are associated with the same bid phrase 
(“e.g. “CHEAP BOOKS) which result in identical hashes. 
0032. As illustrated in FIG.3, each of the unique keys 330 
in the data structure can be associated with a pointer 332 to a 
respective variable-length data node 306, 308, 310. Each 
respective data node for a respective unique key includes 
and/or references the particular advertisements with bid 
phrases that correspond to the respective unique key that 
referenced the respective data node. Also each data node may 
include or reference for each advertisement the advertisement 
data used to display and/or generate the advertisement. Fur 
ther, each data node may include or reference for each adver 
tisement, various metadata such as the secondary criteria data 
discussed previously (e.g. bid price, keyword-exclusion, 
etc.). 
0033 Although the associative data structure 106 has been 
described as including a hash table that points to data nodes, 
in alternative examples, the associative data structure may 
have other forms such as a tree structure or any other asso 
ciative data structure that Supports variable sized data at the 
node (or via pointer indirection) itself. 
0034. Also, a special case for broad-match queries may be 
posed by bid phrases and search queries that include multiple 
occurrences of the same word. For example, search query 
users tend to issue short non-redundant queries. Thus mul 
tiple occurrences of the same word typically carry meaning. 
For example, the string: “Talk Talk’ likely refers to a pop 
band of the same name and should not be matched to a bid 
containing only “Talk’. Hence, the correct semantics for mul 
tiple word occurrences in broad-matches may be defined to be 
that any word occurring multiple times should occur with the 
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same frequency in both the search query and the bide phrase. 
Hence, multiple occurrences of a word may be treated in 
example systems as a special single word (e.g., two occur 
rences of the word “Talk” become a single word “TalkTalk') 
in both bid phrases as well as search queries for the purpose 
for broad-match processing. 
0035) To process a search query with multiple keywords, 
using the described associative data structure 106, the match 
component and/or search engine component 202 generates 
hash values from all subsets (e.g. different combinations of 
words) of the keywords of the search query. For each hash, the 
combinations of keywords may be combined (e.g. concat 
enated) in a predetermined sorted order (e.g. alphanumeri 
cally) prior to generating hashes from the combination of 
keywords in the search queries. The match component uses 
the hash table 304 to locate unique keys 330 that are identical 
to the hash values generated from the search query. The match 
component 104 uses the located unique keys to lookup their 
respective data nodes and retrieve all advertisements from the 
data nodes with bid phrases that have all of their words 
included in the search query. These retrieved advertisements 
correspond to the candidate advertisements which may then 
be further filtered as described previously using the secondary 
criteria data associated with the candidate advertisements. 
0036. This described example approach to the broad 
match retrieval of advertisements in practice may almost 
entirely be constrained by main memory latency because the 
vast majority of data is not cache-resident. For very short 
search queries, this scheme may perform well (compared to 
using inverted indexes), as there are only few corresponding 
Subsets of words that generate unique hash keys. Thus the 
number of lookups against the hash table 304 to locate cor 
responding data nodes 306, 308,310 is limited. However, for 
longer search queries (e.g. with many multi-word Subsets of 
the keywords) the number of lookups against the hash table 
grows exponentially with the number of words in the search 
query. 
0037 To further increase the performance of the described 
example systems, the associative data structure 106 may be 
selectively optimized. FIG. 4 depicts an example 400 of the 
associative data structure 106 which has been optimized (e.g. 
remapped) to reduce the number of data nodes that need to be 
looked up using a hash table 304. Here, the third advertise 
ment A3 (shown in FIG. 3 in its own data node 310) has been 
remapped to the data node 306 containing the advertisements 
A1 and A4 as well. Thus the bid phrase “cheap used books' 
associated with the advertisement A3 is now stored in the data 
node 306 under the bid phrase “cheap books associated with 
the advertisements A1 and A4. In this example, within a data 
node, all advertisements are ordered by the number of words 
in their bid phrases. 
0038. Such a remapping saves memory space by eliminat 
ing an entry in the hash table 304. Further, the re-mapping 
also takes advantage of fast sequential memory accesses in 
that—on average—more data is read per hash-table lookup, 
but fewer hash-table lookups to data nodes become necessary. 
Query semantics will remain as before, as any reference to the 
Subset, “cheap books, will considerall Supersets including 
“cheap used books’. 
0039. In this described example, for bid phrases that have 
two or more words, the corresponding unique keys for the 
hash table correspond to a combination of at least two words 
in the bid phrase. Thus, multi-word bid phrases are not asso 
ciated with unique keys in the hash table that are generated 
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from only a single word in the bid phrase. However in further 
examples, unique keys may be derived from hashes of indi 
vidual words in bid phrases. Also in examples, for a bid 
phrase with more than two words, the combination of two 
words selected for its unique key may correspond to the rarest 
words in the bid phrase with respect to the corpus of bid 
phrases. 
0040. If all advertisements from the data nodes associated 
with bid phrases with more than a given set of words (e.g. 
more than two words) are distributed to existing nodes in this 
manner, there may be: (i) reduced random access (from the 
hash table to the data nodes) when processing any search 
query with large numbers of words: and (ii) a reduced number 
of entries in the hash-table, which in turn saves space and 
potentially increases access locality. However, re-mapping 
data nodes reduces the number of random accesses at the 
expense of additional sequential data reads at the nodes to 
retrieve and analyze the contents of the data nodes. Thus, for 
example, higher efficiency optimizations of the associative 
data structure may beachieved by selectively remapping only 
some of the advertisements with more than two words in their 
bid phrases to other data nodes. 
0041 FIG. 5 illustrates an example system 500 that may 
be used to optimize the associative data structure 106. Here 
the system may include an advertisement receiver component 
502 that receives advertisements and their associated bid 
phrases. The system 500 may also include an optimization 
component 504 that determines whether to store advertise 
ments and their associated bid phrases in existing or new data 
nodes of the associative data structure 106. 
0042. The optimization component 506 may be used to 
remap an existing associative data structure 106. The optimi 
Zation component 506 may also be used to generate an initial 
associative data structure 106 given a corpus of advertise 
ments. In addition, the optimization component 506 may be 
used to determine in which data nodes (new or existing) 
additional advertisements received from advertisers are to be 
stored. Further, the optimization component 506 may be used 
to re-optimize a previously optimized associative data struc 
ture 106 given a change in circumstances such as: insertions/ 
deletions of advertisements; a change in the memory archi 
tecture of the system; and changes in the types and length of 
search queries received by the system. 
0043. The optimization component may use a cost model 
506 for memory access constructed at least in part in view of 
characteristics of the memory 508 in which the associative 
data structure is stored. Such a memory may correspond to 
DRAM. However, in alternative examples, the memory may 
correspond to a hard drive, flash memory device, or any other 
type of data store. In order to find higher efficiency optimi 
Zations of the associative data structure 106, a cost model may 
be used that distinguishes between sequential and random 
memory accesses, since these different types of memory 
accesses typically have different performance characteristics. 
0044 Thus a cost model may be used that is capable of 
determining whether to include a received bid phrase in a data 
node in the associative data structure based at least in part on 
a balancing between: an estimated cost of random access 
from the hash table to the data nodes; and an estimated cost to 
sequentially access the contents (e.g. bid phrases) stored in a 
data node. In addition, an example cost model may be con 
structed at least in part in view of the knowledge of the relative 
frequency at which different types and lengths of search 
phrases are queried, so as to quantify how much remapping of 
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data nodes is effective at reducing the overall selection of bid 
phrases that match a search query. Also an example cost 
model may also be constructed that is capable of determining 
whether to include a received bid phrase in a data node in the 
associative data structure based at least in part on the number 
of words in the bid phrase. 
0045. With respect to the architecture of DRAM memory, 
random access into memory may incur latency because of a 
number of factors such as: (a) L1 and L2 cache misses; (b) 
misses in a translation lookaside buffer (TLB) which maps 
virtual memory addresses to physical ones; and (c) DRAM 
design (e.g. random accesses that cannot use the burst-read 
mode of DRAMs). In order to assess the expected access 
latency of the associative data structure without actually 
executing a query workload on it, a cost model may be used to 
approximate the “cost Cost to a random access from 
the hash table to data done, and a "cost Costs to a sequen 
tial access of the data nodes. The optimal solution to this cost 
model will balance these two costs to maximum throughput 
for an expected workload of the match component. 
0046. To find the substantially optimal associative data 
structure for a given search query workload, the cost-model 
may include solving or approximating a solution for a 
weighted set cover problem. Solving a general set cover may 
be NP-hard. However, the specific weighted set-cover prob 
lem associated with the described example system includes 
an internal structure that is amendable to fast approximate 
Solutions with tight bounds on accuracy. 
0047 For example, a constraint that can be used to find a 
fast approximation algorithm for the described cost model is 
that any time a proposed modified data node contains suffi 
ciently many advertisements such that accessing the “last’ set 
of words in the data node by a sequential scan of the data node 
has higher cost than a random access to data nodes, then this 
proposed modified data node should not be part of the optimal 
Solution, as accessing these advertisements would be less 
expensive if they were stored at their original location. 
Because the difference in latency between random and 
sequential access in main memory is much less pronounced 
than it is for disk-resident data (even when aggravating fac 
tors such as TLB misses are taken into account), this charac 
teristic may effectively limit the size of a data node to a small 
numbers of advertisements. An example cost model may thus 
be used which takes into account a predetermined maximum 
number of advertisements that can be grouped in a single data 
node without violating the above constraint. 
0048. With reference collectively to FIGS. 6 and 7, various 
example methodologies are illustrated. While these method 
ologies are described as being a series of acts that are per 
formed in a sequence, it is to be understood that the method 
ologies are not limited by the order of the sequence. For 
instance, some acts may occur in a different order than what 
is described herein. In addition, an act may occur concur 
rently with another act. Also, an act can correspond to inac 
tion Such as a time delay. Furthermore, in Some instances, not 
all acts may be required to be implemented in a methodology 
described herein. 

0049 Moreover, the acts described herein may be com 
puter-executable instructions that can be implemented by one 
or more processors and/or stored on a computer-readable 
medium, media, or articles. The computer-executable 
instructions may include a routine, a Sub-routine, programs, a 
thread of execution, and/or the like. Still further, results of 
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acts of the methodologies may be stored in a computer-read 
able medium, displayed on a display device, and/or the like. 
0050. Now referring to FIG. 6, an example methodology 
600 for selecting advertisements that match a search query is 
illustrated for use with a search engine. The methodology 
starts at 602, and at 604 a search query is received. At 606, 
hashes are generated from multi-word Subsets (e.g. different 
combinations of at least two words) of the keywords included 
in the search query. At 608, data nodes in an associative data 
structure are identified which are associated with unique keys 
corresponding to the hashes of the search query. At 610, for 
each identified data node, advertisements are selected that are 
associated with bid phrases stored in the identified data nodes 
that respectively only include keywords included in the 
search query. 
0051. In addition, as illustrated in FIG. 6 at 612, docu 
ments are also identified which include the keywords in the 
search query. At 614, an output document such as a web page 
or other type of document is generated that includes a search 
results list of the identified documents as well as at least one 
of the selected advertisements. The methodology 600 com 
pletes at 616. 
0052. With reference now to FIG. 7, an example method 
ology 700 for optimizing an associative data structure for use 
with selecting advertisements that match a search query is 
illustrated. The methodology 700 starts at 702, and at 704 an 
advertisement and associated bid phrase are received. At 706, 
an optimization determination is made as to where to store a 
received advertisement having a bid phrase with more than 
two words in the associative data structure. The optimization 
determination may include whether to store the advertise 
ment and bid phrase in a data node in association with a 
unique key generated from all of the words in the bid phrase. 
The optimization determination may also include whether to 
store the advertisement and bid phrase in a data node in 
association with a unique key generated from less than all of 
the words in the bid phrase. As discussed previously, the 
optimization decision may be based at least in part on a cost 
model for memory access. At 708 the received advertisement 
and bid phrase are stored in the associative data structure 
based at least in part on the optimization determination. The 
methodology 700 completes at 710. 
0053. Now referring to FIG. 8, a high-level illustration of 
an example computing device 800 that can be used in accor 
dance with the systems and methodologies described herein 
is depicted. For instance, the computing device 800 may be 
used in a system that facilitates selecting advertisements that 
match a search query. In addition, the computing device 800 
may be employed in connection with the generation, modifi 
cation, and/or optimization of an associative data structure 
used to match advertisements with search queries. 
0054 The computing device 800 includes at least one 
processor 802 that executes instructions that are stored in a 
memory 804. The instructions may be, for instance, instruc 
tions for implementing functionality described as being car 
ried out by one or more components discussed above or 
instructions for implementing one or more of the methods 
described above. The processor 802 may access the memory 
804 by way of a system bus 806. In addition to storing execut 
able instructions, the memory 804 may also store documents, 
advertisements, indexes, an associative data structure, etc. 
0055. The computing device 800 additionally includes a 
data store 808 that is accessible by the processor 802 by way 
of the system bus 806. The data store 808 may include execut 
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able instructions, documents, advertisements, indexes, an 
associative data structure, etc. The computing device 800 also 
includes an input interface 810 that allows external devices to 
communicate with the computing device 800. For instance, 
the input interface 810 may be used to receive instructions 
from an external computer device, receive web pages from a 
web server, receive a request for a web page, etc. The com 
puting device 800 also includes an output interface 812 that 
interfaces the computing device 800 with one or more exter 
nal devices. For example, the computing device 800 may 
transmit data to a personal computer by way of the output 
interface 812. 
0056. Additionally, while illustrated as a single system, it 

is to be understood that the computing device 800 may be a 
distributed system. Thus, for instance, several devices may be 
in communication by way of a network connection and may 
collectively perform tasks described as being performed by 
the computing device 800. 
0057. As used herein, the terms “component” and “sys 
tem” are intended to encompass hardware, Software, or a 
combination of hardware and software. Thus, for example, a 
system or component may be a process, a process executing 
on a processor, or a processor. Additionally, a component or 
system may be localized on a single device or distributed 
across several devices. 
0058. It is noted that several examples have been provided 
for purposes of explanation. These examples are not to be 
construed as limiting the hereto-appended claims. Addition 
ally, it may be recognized that the examples provided herein 
may be permutated while still falling under the scope of the 
claims. 

What is claimed is: 
1. A system that facilitates selecting advertisements that 

match a search query, comprising: 
a search query receiver component that receives a search 

query including keywords; and 
a match component that uses an associative data structure 

to identify in the associative data structure one or more 
data nodes that are associated in the associative data 
structure with respective unique keys corresponding to 
respective one or more hashes of combinations of the 
keywords in the search query, wherein for each identi 
fied data node, the match component selects advertise 
ments associated with bid phrases stored in the identified 
data node that respectively only include keywords 
included in the search query. 

2. The system according to claim 1, wherein in the asso 
ciative data structure, each bid phrase included in each data 
node is associated with one or more advertisements each 
including advertisement data usable to output the respective 
advertisement. 

3. The system according to claim 2, wherein each adver 
tisement is further associated with a bid amount usable by the 
match component to rank the selected advertisements. 

4. The system according to claim 2, further comprising a 
search engine component, wherein the search engine compo 
nent includes the match component, wherein the search 
engine component includes a document search component, 
wherein the document search component uses inverted 
indexes to identify documents including the keywords of the 
search query, wherein the search engine component generates 
an output document including both: a search results list of the 
identified documents and at least one of the selected adver 
tisements. 
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5. The system according to claim 4, further comprising: 
an advertisement receiver component that receives bid 

phrases and associated advertisement data; and 
an optimization component that integrates the received bid 

phrases and associated advertisement data into the asso 
ciative data structure. 

6. The system according to claim 5, wherein the optimiza 
tion component makes an optimization determination as to 
whether a received bid phrase with more than two words: is to 
be stored in a data node in association with a unique key 
generated from all of the words in the bid phrase; or is to be 
stored in a data node in association with a unique key gener 
ated from less than all of the words in the bid phrase, wherein 
the optimization component stores the received bid phrase in 
the associative data structure based at least in part on the 
optimization determination. 

7. The system according to claim 6, further comprising a 
memory, wherein the associative data structure is stored in the 
memory, wherein the optimization component makes the 
optimization determination based at least in part on a cost 
model for memory access to the associative data structure. 

8. The system according to claim 7, wherein the optimiza 
tion component uses the cost model to determine whether to 
include a received bid phrase in a data node in the associative 
data structure based on a balancing between an estimated cost 
to access the data node in the associative data structure and an 
estimated cost to accesses bid phrases stored in a data node. 

9. The system according to claim 6, wherein the optimiza 
tion component makes the optimization determination based 
at least in part on a number of words in the bid phrase. 

10. The system according to claim 1, wherein the match 
component selects advertisements with bid phrase that match 
the search query based on at least one of broad-match seman 
tics; exact match semantics; or phrase match semantics. 

11. A method, comprising: 
receiving a search query including keywords; 
generating one or more hashes of combinations of key 
words in the search query; 

identifying in an associative data structure one or more data 
nodes that are associated in the associative data structure 
with respective unique keys corresponding to the respec 
tive generated one or more hashes; 

for each identified data node, selecting advertisements 
associated with bid phrases stored in the identified data 
node that respectively only include keywords included 
in the search query; and 

generating an output document including at least one of the 
Selected advertisements. 

12. The method of claim 11, further comprising storing in 
association with each bid phrase included in each data node, 
at least one advertisement including advertisement data 
usable to generate the output document with the respective 
advertisement. 

13. The method of claim 12, further comprising: 
using inverted indexes to identify documents including the 

keywords of the search query; and 
generating the output document including both: a search 

results list of the identified documents and at least one of 
the selected advertisements. 
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14. The method of claim 13, further comprising: 
receiving bid phrases and associated advertisement data 

from advertisers; and 
integrating the received bid phrases and associated adver 

tisement data into the associative data structure. 
15. The method of claim 14, further comprising: 
making an optimization determination as to whether a 

received bid phrase with more than two words: is to be 
stored in a data node in association with a unique key 
generated from all of the words in the bid phrase; or is to 
be stored in a data node in association with a unique key 
generated from less than all of the words in the bid 
phrase; and 

storing the bid phrase in the associative data structure 
based at least in part on the optimization determination. 

16. The method of claim 15, further comprising making the 
optimization determination based at least in part on a cost 
model for memory access to the associative data structure. 

17. The method of claim 16, further comprising using the 
cost model to determine whether to include a received bid 
phrase in a data node in the associative data structure based on 
balancing an estimated cost to access the data node in the 
associative data structure and an estimated cost to accesses 
bid phrases stored in the data node. 

18. The method of claim 15, further comprising making the 
optimization determination based at least in part on a number 
of words in the bid phrase. 

19. The method of claim 11, further comprising selecting 
advertisements with bid phrase that match the search query 
based on at least one of broad-match semantics; exact match 
Semantics; and phrase match Semantics. 

20. A computer-readable medium comprising instructions 
that, when executed by a processor, perform the following 
acts: 

receiving a search query that includes keywords; 
generating one or more hashes of combinations of at least 
two keywords in the search query; 

identifying in an associative data structure one or more data 
nodes that are associated in the associative data structure 
with respective unique keys corresponding to the respec 
tive generated one or more hashes; 

for each identified data node, selecting advertisements 
associated with bid phrases stored in the identified data 
node that respectively only include keywords included 
in the search query; 

using inverted indexes to identify documents including the 
keywords of the search query; 

generating an output document including both: a search 
results list of the identified documents and at least one of 
the selected advertisements; 

receiving bid phrases and associated advertising data for 
outputting advertisements; 

making an optimization determination as to whether a 
received bid phrase: is to be stored in a data node in 
association with a unique key generated from all of the 
words in the bid phrase; or is to be stored in a data node 
in association with a unique key generated from a Subset 
of words in the bid phrase; and 

storing the bid phrase and associated advertising data in the 
associative data structure based at least in part on the 
optimization determination. 
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